The International Geosphere Biosphere Program sponsored by the International Council of Scientific Unions is directing attention to geophysical and biological change as influenced by human modifications in global energy and mass exchanges. Geographers in the Soviet Union and the United States have joined in critical appraisal of their experience in studying environmental change. This initial report is on some promising approaches, such as the reconstruction of earlier landscape processes, modeling of the dynamics of present-day landscapes, analysis of causes and consequences of anthropogenic changes in specified regions, appraisal of social response to change, and enhanced geographic information systems supported by detailed site studies.
Recognition, among people of all countries, of human ability to modify global energy and mass exchanges between the atmosphere, oceans, and biota of the planet occurred in the past century. Deepening understanding, nourished by research, showed the complex ways that flows of matter and energy link together the Earth's physical elements and also the proliferation of social and economic bonds across national borders, bonds compounding the potential for human disruption of natural processes. Appreciation of these phenomena was expressed in a widely shared environmental movement and in an international scientific program-the International Geosphere Biosphere Program (IGBP)-that examines present and prospective geophysical and biological changes (1, 2) .
The IGBP grows out of scientific evidence that terrestrial environmental instability threatens human well-being and survival. United action is important and urgent because the limits of changes in biosphere variables within which civilization exists form a surprisingly narrow ecological corridor.
Therefore, geographers in the Union of Soviet Socialist Republics and the United States of America joined to critically appraise their experience in studying global environmental change. This first report from that collaboration indicates the selection ofproblems being examined, the range of methods considered, and some of research opportunities ahead. A full report will be published during the coming year;
we invite critical response from scientists in geography and related disciplines to this preliminary communication.
Background
Before the current wave of concern for global environmental matters, relatively few voices called for broad approaches to the cluster of questions about environment, development, and population. Six individuals stood out among American and Russian scholars.
In the 1860s, G. P. Marsh was among the first to raise questions about the long-term deterioration of soils and forests, chiefly in the ancient Mediterranean world (3) . By the end of the 19th century, V. I. Vernadsky had pointed out the significance of the biogeochemical flows of nutrients in maintaining life, and his concept of "biosphere" eventually laid the foundation for the United Nations Educational, Scientific, and Cultural Organization program for Man and the Biosphere (4) . His concept of "noospherogenesis"-the role of conscious human activity leading to changes in the geobiosphere-has proved useful in approaching global issues (5) . V. V. Dokuchaev later showed the close relationships among climatic, vegetation, water and soil systems, and he began scientifically studying how these relationships were altered by humans (6 Investigations should involve intensive collaboration among disciplines, but our primary concern must be with the mode of analysis rather than with the discipline. (8) .
An evolutionary analysis indicates that the present-day landscapes form a heterochronous system with strong inherited features, a polarized structure, and large instability. The response of these landscapes to new temperature regimes may involve quite different alterations in the zonal distribution of vegetation and moisture than have occurred historically. Scenarios from paleogeographical reconstructions must be corrected for rate differences in component modifications due to natural factors (thousands of years) and anthropogenic factors (decades).
Modeling the Dynamics of Landscapes
The concept of developing a fully integrated numerical model of the Earth stems from the success achieved by numerically modeling atmospheric and oceanic circulation of the planet (9) . Some progress has been made in developing regional models of vegetation dynamics (10) and hydrologic systems (11) , but no global models of such phenomena have been developed. If truly interactive models of land phenomena are to be incorporated into integrated Earth models, then much more attention must be given to developing analytical descriptions of land processes.
Developing dynamic models of land phenomena is difficult because simple concepts of turbulent energy/mass balance do not adequately describe the spatiotemporal evolution of land conditions (12) . Discrete and highly contrasting land conditions are maintained in close proximity over long time periods.
Landscape heterogeneity varies in space and time not only because of the diurnal, seasonal, and long-term variability of climate but also because of geologic events recorded in the topography and stratigraphy of continents. Additional effects of human activity on landscape heterogeneity date back several centuries, the history of which is insufficiently documented to incorporate into a dynamic land model (7) . An effective macroscale description of terrestrial biophysical processes is needed before progress can be achieved in global-change studies. Derivation of such a description will scientifically challenge the IGBP.
Models of climate, biogeochemical cycles, ground water and surface runoff all apply to global-change studies. By linking them with resource and economic models, effects can be studied. For example, existing statistical and deterministic crop-yield models have been applied to climate scenarios generated by global-circulation models in estimating possible implications of greenhouse gases (13) . By varying environmental factors with potential future climate conditions, the models simulate effects on future yields.
Unfortunately, certain weaknesses apply to most uses of simulation models in assessing environmental effects: (i) the environmental projections themselves may be unrealistic; (ii) the impact models often assume constant human management and input, which could vary over time; and (iii) the models may be particularly unreliable when used to project effects of environmental factors substantially altered from those under which the models were developed. Although simulation models cannot replace empirical impact assessment, they can help guide empirical impact studies and, perhaps, make them more efficacious. The following conditions were examined in the step-by-step research: (i) the effect of human activity as a "trigger mechanism" of interaction; (ii) change in geosystems due to this impact; and (iii) consequences for human health and economic activity resulting from the altered environment. Methods were suggested for integrated study of the spatial unity of the interaction of people, economy, and nature to preserve and improve the environment (17) .
Regions and Resource Systems
Experimental evidence suggests that sustainable management of anthropogenic-natural processes is possible if such management relies on a spatial framework consisting of complex, heterogeneous regional systems (nature-resourceecological, demographic-social-ethnic, productive-economic), which are closely interconnected. This shifts the focus from tracing effects to regional analysis with full use of concepts of resource cycles, defined as the "sum total of transformations and spatial transfer of a certain matter, or a group of substances at all stages of its use by man" (18) . Principal cycles receiving attention from geographers are those of energy, water (19, 20) , and nutrients (21) . Closer linkage of analysis of global cycles with regional analysis is needed, as well as a recognition that each anthropogenic change, such as industrial waste generation, originates in certain regions and affects particular regions, not necessarily the same areas.
Socioeconomic development of any region obviously depends, in part, on the environment. These constraints and opportunities may be identified only when the natural resource/ecological potential of natural biospheric subdivisions is known. Often, river basins serve as such subdivisions (22, 23) . The basin approach to resource assessment does not exclude, but supplements the traditional physicogeographical landscape approach. The approach may suggest a matrix of landscapes and drainage areas within which to investigate change under an anthropogenic load and, in particular, in the process of materials migration.
Appraisal of Social Coping with Environmental Change
In considering how individuals and societies may and do cope with change once it is seen or predicted with confidence, geographers work along several lines, two of which are noted: (') appraisal of economic development and environmental conservation strategies within regional settings and (ii) analysis of the ways people perceive and adapt to actual or potential environmental hazards.
Regional Development and Environmental Quality
In many parts of the world there is earnest searching for effective means of coordinating economic development with environmental conservation. Much research was devoted to simulation of ecological systems at a local scale and economic systems at regional and world scales. Primarily global modeling focuses on economic and sectoral systems. Much less developed is thoughtful simulation of regional natural resource use. Building a single management model of as complex a system as a region, a city, or an agglomeration is extremely difficult. Yet, in such areas much anthropogenic change is being generated.
In these situations the challenge seems to be to build interrelated models of social, economic, and ecological development. One obstacle is that no agreed-upon criterion of socioecological/economic efficiency presently exists. This lack is due to insufficient analysis and to incompatibility of indices characterizing economic and mostly social and ecological effects of nature-conservation measures. One simplified approach by geographers confronted the possibility of climate change. The Much experience has accumulated in assessing impacts and response to environmental extremes under the rubric of natural-hazards research (24) (25) (26) (27) (28) . Demographic, technological, and political circumstances, errors in the assessment of natural situations, and the management of production are among causes of social losses from natural hazards.
In associated studies geographers contributed concepts, models, and methods to the emerging interdisciplinary field of environmental-risk assessment (29) (30) (31) (32) (33) been done, and less information has been published about the efficacy of available public and private responses to environmental hazards. Although only recently begun, the pace of research on assessment of new universal risks accelerates rapidly. Pioneering work on the environmental consequences of nuclear war and climate-impact assessment studies guide future work on other universal risks (16, 34) .
Geographic Data and Information Systems
Unraveling the mechanism of global change in the coupled biosphere-atmosphere system and determining direction and rate of such change requires modeling studies and compatible, homogeneous global data sets for a variety of key terrestrial variables. Many, but not all, of these data may be gathered using remote-sensing technology. A continual need exists to conduct regional field studies to coordinate remotely sensed data as well as to collect data not acquired with remote-sensing technology. Over the long term, there will be need for consistent, quantitative global measurements of surface albedo, surface temperature, vegetation cover, moisture, snow cover (extent and depth), evapotranspiration, and precipitation (frequency and intensity) for terrestrial ecosystems, and ocean color, tropospheric gases, ocean topography, sea-surface temperature, sea ice, and wind stress for the oceans (35) . Atmospheric and space observations should include solar flux (and spectral variability); stratospheric temperatures, stratospheric aerosols and ozone; and tropospheric aerosols. Cloud cover is not specifically listed, although it is a key element of the World Climate Research Program under the International Satellite Cloud Climatology Program (36) . Recent remote-sensing research by geographers includes the estimation of precipitation rates from visible and IR satellite images (37), the modeling of radiation in mountainous terrain from multispectral Landsat data (38, 39) analysis of the climatic significance of cloud cover (40) , the estimation of large-scale net primary productivity (41) , and the remote sensing of snow and ice parameters (42) , especially from passive microwave data (43, 44) .
Model building and data collecting are corequisites for any successful evaluation of the interactivity between terrestrial biosphere and atmosphere. Sophisticated biosphere models (45) (46) (47) are of little value without adequate observations and precise characterization of the near-surface environment. But, concomitantly, data that purport to characterize the biosphere are of limited value if (i) variables required by climate models are not sampled, or (ii) the time or space scales of observations or statistical summary are inconsistent with model needs. For example, daily changes in plant transpiration, in general, cannot be adequately inferred from monthly climate data. Data collection and modeling efforts must not be conducted in ignorance of one another. This means that collected data should be representative at space scales of ==100 kmi2, although this resolution will improve with faster computers and more efficient algorithms. Model time scales, by contrast, are much more variable and range from hours to millennia, again depending on the variable of interest and the model.
The conceptual bases for conducting regional and global studies with remotely sensed observations and computerbased geographic information systems are only now developing (48, 49) . A current major conflict exists between the concepts of raster and vector storage of geographic data in digital computers, which has effectively halted the marriage of remote-sensing and geographic information systems (50) . Vector data descriptions tend to preserve the precision of boundary definitions, whereas raster systems tend to preserve measures of spatial heterogeneity. Because remotely sensed observations are now viewed as contiguous, but discrete, observations of heterogeneous phenomena, such vectorization is not possible. Inasmuch as the IGBP fundamentally depends on the marriage of remote-sensing to geographic information systems and global models, a solution to these conflicts should be a focus of early IGBP research.
Further, research is needed on the interfacing of different scale sizes. In some physical fields, such as numerical modeling of the atmosphere, this interfacing was approached by nesting of grids of various sizes. There might be a very high density array of data points existing within a more sparse network. This approach often works for the atmosphere because of its commonly smooth gradients in values of the treated variables. In some cases this treatment might work in Earth-surface problems, but in others it would not. The latter cases are those where great heterogeneity of land cover exists, and distinct changes occur over a short distance; the urban/rural boundary would be illustrative. Geographers need new methods of varying grid size-methods that do not necessarily treat the problem as linear in time or space. In mental or perceptual maps, for example, we have not been constrained by linearity. Nor should there be need for constraint in the present context, save only for the constraint of consistency and the adherence to physical and geometric laws.
Interpolation between locations implies that the way in which the particular observed phenomena change in space and time between the observations is understood. Any effort to map point information without that knowledge introduces unknown errors, which may increase rapidly away from the observation point. The combination of remotely sensed observations and ground measurements has the potential to study these patterns, but carefully designed experiments, done over several years, are necessary. Preliminary experiments of this type are now being done under the International Satellite Land Surface Climatology Project (ISLSCP) (51, 52) . Similar studies are needed to evaluate other types of land phenomena. In each case a major focus of such research should be the scaling question; that is, how do local phenomena aggregate to produce continental-to-global descriptions of land conditions and dynamics?
Full evaluation of terrestrial dynamics must include human activities. Greenland (53) suggested, in the context of resource management, that many indicators can be developed, limited only by the imagination. In the IGBP studies we consider here, however, somewhat more restraint operates when studies rely solely on those variables monitored from space or air. There is no a priori reason why only remotely sensed data should be used to monitor socioeconomic indicators except that consistency might be greater.
Need for Site Studies
From the foregoing the effectiveness of the data base in monitoring and helping predict environmental changes will apparently be greatly enhanced by detailed site studies. American geographers tend to emphasize representative target areas, whereas Soviet geographers tend to emphasize a system of protected natural areas.
Representative Target Areas
Initially, existing network and individual study sites should be used as representative target areas. Long-term ecological research sites and sites belonging to the ISLSCP immediately suggest themselves for use in these geographical studies. A significant contrast exists between long-term ecological research sites, which generally represent a particular biome with minimum human impact, and ISLSCP sites chosen for the degree of impact already experienced (54 In areas bordering subdivisions of the biosphere (broadly defined as ecotones) the main features of the structure and function of ecosystems change significantly-primarily under the influence of external factors. As for the slow selfdevelopment of ecosystems and their evolution in the purest form, they can best be studied not in the interfaces and not in zones of maximum diversity of environmental conditions, but, rather, in regions with the greatest homogeneity-i.e., in the foci of corresponding areas.
Concluding Discussion
These observations illustrate investigative lines needing extention and refinement for IGBP to achieve its goals. Adequate understanding of global change cannot be gained without reconstruction of earlier landscape processes, more sophisticated modeling of the dynamics of contemporary landscapes, analysis of the causes and consequences of man-made changes in specific regions, appraisal of the conditions under which societies will respond to new knowledge about those changes, and a greatly enhanced geographic information system supported by detailed site studies.
